Background: Studies on osteoporosis awareness among general population in China are still limited. We examined the level of osteoporosis awareness among residents in China, determined the risk factors associated with lower level of osteoporosis awareness, and assessed the sources of their knowledge about osteoporosis.
causes more than 8.9 million fractures annually [1] . By 50 years of age, one in three women and one in five men will suffer a fracture in their remaining lifetime [2] . It is projected that by 2050, 50% of hip fractures will occur in Asia, with the majority occurring in China [3] . Osteoporosis affects almost 7.0 million Chinese over the age of 50 and causes about 687,000 hip fractures in China each year [4] . Improving osteoporosis awareness is useful for controlling this problem, because high level of osteoporosis awareness increases possibility of early osteoporosis detection and promotes effective osteoporosis prevention and treatment rate [5, 6] .
Past studies have shown relatively low levels of osteoporosis awareness within the general population in China [7] [8] [9] [10] [11] [12] . However, studies on osteoporosis awareness among general population in China are still limited. In addition, there is no studies have ever addressed the way of source of knowledge about osteoporosis. We examined the level of osteoporosis awareness among residents in China, determined the risk factors associated with lower level of osteoporosis awareness, and assessed the sources of their knowledge about osteoporosis.
Methods

Study setting and population
This cross-sectional survey was conducted during January-March 2018 in China. The inclusion criteria for the survey participants were 1) aged 30 years or older at the interview; and 2) in a state of clear consciousness. The exclusion criterion for the survey was the participants didn't have data on osteoporosis awareness. The participants were identified and interviewed face-to-face by medical students in Jilin University (Enrolment year: 2017; Specialty: Preventive Medicine) using a structured questionnaire. The participants for this survey included the relatives, friends and neighbours of the students.
All medical students were trained by related researchers together before conducting the survey. This study was approved by the Ethical Committee Board at School of Public Health, Jilin University. Each participant also provided written-informed consent to this study.
Study measures
Socio-demographics (sex, age, body weight, height, residence, education level, and family annual income), lifestyle information (smoking, alcohol use), prior fracture and prior bone mineral density test were collected using a structured questionnaire. Body mass index (BMI) was calculated as body weight (kg) divided by squaring of body height (m 2 ).
Educational level was classified as primary and below (Years 1-6), junior (Years 7-9), senior (Years 10-12) and undergraduate and postgraduate educations (Years 13 and above). Residence was classified as urban, rural and cross regions. Cross region is an overlapping area between urban and rural area that has both urban and rural.
We assessed osteoporosis awareness level using the following domains, including by definition, diagnosis, signs/symptoms, treatment, complications, prognosis, causes, risk factors, and prevention of osteoporosis; the questionnaire about osteoporosis awareness was the same as a previous published research [13] . The reliability and validity of the questionnaire was tested among 30 Chinese subjects prior to the formal survey. This questionnaire had a good internal consistency (Cronbach's α = 0.746). Under factorial validity test, the related components explained a cumulative 60% of the variance in the awareness scores. The Kaiser-Meyer-Olkin measure of sampling adequacy and Bartlett's test of sphericity both showed that the results were suitable for factor analysis. Besides the osteoporosis awareness questions, we also collected the sources of the participants acquiring their existing osteoporosis knowledge (e.g., newspapers and magazines, advertising leaflets, television or radio health program).
Statistical analysis
We used descriptive statistics to describe the characteristics of the study population and main variables. Continuous variables were shown as mean ± standard deviation (SD); categorical variables were shown as percentages.
Awareness scores were created by assigning a "1" to each correct response and a "0" to each incorrect or "unsure" response. The items were summed for a possible range of 0 to 29, with higher scores reflecting greater awareness. Awareness score was defined as percent of correct answer and individual domain scores were calculated -an average of the percentages of correct answers to each question.
To test the relationship between risk factors and overall awareness score we used multiple linear regression models. It was used to assess the association between overall awareness score and risk factors, with for all covariates such as sex, age, body mass index, residence, educational level, family annual income, prior bone mineral density test, prior fracture, smoking, and alcohol use. Covariates are selected based on their significant in the univariate test.
All statistical analyses were performed by using SPSS software (version: 25.0; SPSS Inc, Chicago, IL).
Results
In total, we collected 372 questionnaires; each student returned an average of six survey questionnaires. A total of 368 valid questionnaires were included in this study ( Table 1 ).
The included participants were comparable to excluded participants in term of sex (53% vs 50% of male), age (mean age 52.9 vs 49.7 years) and BMI (mean BMI 23.7 vs 26.2 kg/m 2 ; all P > 0.05). The mean age of participants was 52.9 ± 10.2 years; 53% were males. The average BMI was 23.7 ± 3.3 kg/m 2 . Approximately, 18.5% and 36% of participants reported to be current smokers and alcohol users, respectively. Osteoporosis awareness score for definition was 77.7%, diagnosis 49.6%, risk factors 49.2%, treatment 60.5%, and prevention 69.9%. The overall awareness score was 67.8%. Table 3 indicates that lower family income and education level were significantly associated with lower overall awareness scores (all p <0.05). However, all the other variables were not significantly associated with overall scores of osteoporosis awareness.
Osteoporosis awareness level
With regard to sources of knowledge about osteoporosis, television or radio health program was reported to be their main source of knowledge about osteoporosis (Table 4 ).
Discussion
Osteoporosis is a significant health problem, which with a growing ageing population is increasing in size. Raising the levels of awareness toward osteoporosis among general population are fundamental factors that ensure success of osteoporosis prevention and control programs [14] . This study examined the level of osteoporosis awareness among residents China, determined the risk factors associated with lower level of osteoporosis awareness, and assessed the sources of their knowledge about osteoporosis.
In this study, overall osteoporosis awareness score was 67.8%; 83.3% of the respondents knew correctly aware the definition of osteoporosis. This proportions figure are higher compared with a similar study in Vietnam that found women answered 49% of the knowledge questions correctly [13] . This discrepancy may be due to the fact that our study participants have higher education level than the Vietnamese participants (graduate 27.7 % vs 19.4%). Because most of other studies used different questionnaires for assessing osteoporosis awareness [15] [16] [17] , we can only compare the osteoporosis definition awareness between studies. The studies in South Australia, Canada and Greece found that 62%-96% of participants correctly aware the osteoporosis definition. These results are comparable to that in our study.
Regardless of consistent and inconsistent results, our study found a low awareness score about osteoporosis risk factors. In our study, one in every two participants did not know the risk factors and the diagnosis. This figure is identical to a South American study, in which one in every ten participants did not know the osteoporosis risk factors [18] . It may be due to the fact that the participants in Puerto Ricans study have had higher prior fracture than our study participants (49 % vs. 13%), this leads for participants to know about the risk factors of osteoporosis.
It is generally believed that osteoporosis awareness level is greater in females than in males. This is not consistent with our study, in which females and males have similar osteoporosis awareness levels. This is likely due to the fact that males have better education than females in our study (graduate 33.8 % in males vs 20.8% in females; P value = 0.000).
Our results showed higher level of education was associated with better awareness of osteoporosis; this was found in other studies to [12, 19] . It seems that well-educated individuals have more access to information and show more willingness to obtain information on health issues.
In our study, 55.7% of participants reported television or radio health program as their main source of osteoporosis knowledge. The main source of knowledge was also television for the Canadian, Singaporean, and American women with the rates of 76.4, 31. 1, and 53%, respectively [17, 19, 20] . As the main source of knowledge on osteoporosis was television, reliable health education messages on osteoporosis should be given via television.
Our study has an advantage and two limitations. First, although the questionnaire about osteoporosis awareness has been used in a previous study, we still validated the questionnaire prior to the formal survey. Our reliability and validity test results suggested the questionnaire is suitable for the present study. Second, this study included only 368 participants; a small sample size has limitation to represent the general Chinese population. However, our osteoporosis awareness results are still comparable to the results reported in a Chinese study that have much bigger sample size than our study [12] . Third, due to cross-sectional design, we are unable to make causal inference about the association between osteoporosis awareness score and related factors.
Conclusions
The awareness level for osteoporosis is moderate; lower family income and education level were risk factors for lower awareness. Television or radio health program had the greatest contribution to osteoporosis awareness. The findings of this study provide directions for further studies in this area and will be useful for the design of related public health strategies.
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Values are means (SD), unless otherwise specified. Abbreviations: β= regression coefficient; SE= standard error; BMD = bone mineral density P significant at ≤ 0.05 
